Site-directed mutations at phenylalanine-190 of manganese peroxidase: effects on stability, function, and coordination.
A series of site-directed mutants, F190Y, F190L, F190I, and F190A, in the gene encoding manganese peroxidase isozyme 1 (mnp1) from Phanerochaete chrysosporium was generated by overlap extension with the polymerase chain reaction. The mutant genes were expressed in P. chrysosporium during primary metabolic growth under the control of the glyceraldehyde-3-phosphate dehydrogenase promoter. The manganese peroxidase variants (MnPs) were purified and characterized by kinetic and spectroscopic methods. At pH 4.5, the UV-vis spectra of the ferric and oxidized states of the mutant proteins were very similar to those of the wild-type enzyme. Steady-state kinetic analyses showed that the apparent Km and k(cat) values for MnII and H2O2 also were similar to the corresponding values for the wild-type MnP. The apparent Km and k(cat) values for ferrocyanide oxidation by MnP were not affected by the F190Y, F190L, or F190I mutations; however, the apparent Km value for ferrocyanide oxidation by the F190A mutant MnP was approximately 1/8 of that for the wild-type enzyme. Likewise, the apparent k(cat) value for ferrocyanide oxidation by the MnP F190A mutant was approximately 4-fold greater than the corresponding k(cat) for the wild-type MnP. The stabilities of both the native and oxidized states of MnP were significantly affected by several of the mutations at Phe190. Replacement of Phe190 by either Ile or Ala significantly destabilized the resultant proteins to thermal denaturation. Moreover, the rates of spontaneous reduction of the oxidized intermediates, MnP compounds I and II, were dramatically increased for the F190A mutant relative to the rates observed for the wild-type enzyme. The spectroscopic properties of the wild-type and F190 mutant MnPs were examined as a function of pH. At room temperature, increasing pH from 5.0 to 8.5 induced a FeIII high- to low-spin transition for all of the MnP proteins. This transition may involve direct coordination of the distal His residue to the heme iron to produce bishistidinyl coordination as suggested by magnetic circular dichroism spectroscopy. The pH at which this transition occurred was considerably lower for the F190A and F190I variants and suggests that Phe190 plays a critical role in stabilizing the heme environment of MnP.